Introduction
Cannabinoids have been used to treat chronic pain, spasticity, nausea, and other symptoms since the middle of the 19th century [1, 2] . The chemical characterisation of the psychoactive substance delta-9-tetrahydrocannabinol (THC) in 1964 laid the foundation for the scientific study of cannabinoids [3] . Subsequently it became clear that the effects of THC are due to the activation of endogenous cannabinoid receptors within a newly discovered endocannabinoid system (ECS) [4] . More recently, the ECS has been associated with an increasing number of functional pathways, both in the central and peripheral nervous systems and in peripheral organs, and the ECS has emerged as a target of pharmacotherapy [5] [6] [7] [8] [9] [10] . Endocannabinoids naturally produced in the body, for example in stress situations, modulate the ECS system and affect inflammation and the sensation of pain [7, 11] . In the 1970s, the effect of THC on pain was compared to that of codeine [12] , and more recent studies showed that THC is equivalent to conventional analgesics [13] . Studies in cancer patients found that cannabinoids improved appetite, reduced emesis and nausea, and improved quality of life [14] [15] [16] . Cannabinoids have also been shown to be effective in neuropathic pain and diseases of the peripheral or central nervous system [17, 18] . The International Drug Control Conventions classify THC as an illegal, schedule I drug (together with opioids, opium derivatives, and hallucinogenic or psychedelic substances) and prohibit all use "except for scientific and very limited medical purposes by duly authorized persons" [19] . In Switzerland, the 2011 revision of the Federal Act on Narcotics and Psychotropic Substances (Narcotics Act) made it possible for the Federal Office of Public Health (FOPH) to issue exceptional licenses for the restricted medical use of some prohibited substances, including THC.
A systematic review of cannabinoids for medical use commissioned by the FOPH concluded that "there was moderate-quality evidence to support the use of cannabinoids for the treatment of chronic pain and spasticity" [20] . To look more closely at this and other uses of medical uses of cannabinoids, we studied all of the exceptional licences for medical use of cannabis issued by the Swiss FOPH in 2013 and 2014.
Materials and methods

Data source and data extraction
Physicians practising in Switzerland are required to submit a formal request to the FOPH for each patient they wish to treat with cannabinoids, either with commercially available synthetic THC (dronabinol solution with 2.5% THC) or a tincture of Cannabis sativa prepared by a pharmacist containing 5% THC [21] . The physician's request must document the diagnosis of a severe or potentially lifethreatening condition, address the benefit expected from THC treatment, and include the informed consent of the patient. We examined all requests for medical use of cannabinoids sent to the FOPH in 2013 and 2014. We developed, tested and revised a standardised data extraction sheet to extract data from the files of approved requests. We created unique identification (ID) numbers and extracted data on the type of exceptional licence granted, the patient, and the treating physician. We extracted the duration of the licence, the year it was granted, and the payer for the therapy (out of pocket or insurance). At the level of the patient we collected the date of birth, sex, regional code, diagnosis and indication for THC use, and at the level of the physician the regional code of the surgery and the treating physician's specialisation. We double-entered the data into a dedicated database in Epidata [22] and resolved discrepant data entries.
Definitions
We allocated patient and physician to the seven Swiss regions defined by the Nomenclature of Territorial Units for Statistics (NUTS, level II) [23] . These regions are shown in supplementary figure S1 (appendix). We used the International Statistical Classification of Diseases (ICD-10) [24] to categorise diagnoses into ten groups (ICD-10 codes in parentheses):
1. Infectious and parasitic diseases (A00-B99) 2. Cancer (C00-C97) 3. Mental and behavioural disorders (F00-F99) 4. Diseases of the nervous system (G00-G99) 5. Diseases of the circulatory system (I00-I99) 6. Diseases of the respiratory system (J00-J99) 7. Diseases of the digestive system (K00-K93) 8. Diseases of the musculoskeletal system (M00-M99) 9. Injury, poisoning, and other conditions with external causes (S00-T98) 10. Other diagnoses.
We used the Swiss Medical Association classification system for the specialisation and further certification of physicians [25] .
Statistical methods
We used descriptive statistics (numbers and percentages) to present results of the requests and the characteristics of patients granted exceptional licences for therapeutic use of cannabinoids. Patient characteristics were taken from the first application for the same patient received in the years 2013 and 2014. We examined patient characteristics by the main symptoms pain and spasticity, and present detailed information on the underlying diagnoses reported for patients granted exceptional licenses for therapeutic use of cannabinoids. Finally, we calculated the rate of patients granted access per 100 000 residents by NUTS II region using the population statistics available from the European Union (Eurostat) [26] . We used Stata software version 14.1 (Stata Corporation, College Station, Texas, USA) for all analyses. Ethical approval was granted by the Ethics Committee of the Canton of Bern (KEK-Nr. 296/15).
Results
The FOPH received 1656 requests for initial exceptional licences and licence extensions to prescribe THC during 2013 and 2014. Eight requests from eight patients were rejected and 1648 licences and extensions for 1208 patients were approved. Requests were rejected for incompatibility with the law (for example, requests for "substitution therapy") or for administrative reasons. Fifteen patients were excluded because of missing data in key variables. Thus, during these two years, 1193 unique patients received exceptional licences for treatment with cannabinoids and were included in the analyses ( fig. 1 ). During 2013, 542 patients were treated under the exceptional licencing programme, and in 2014 the number rose to 825, including some who continued treatment begun in 2013 or earlier.
The approved licenses were requested by 332 physicians in 2013 and 446 physicians in 2014. More than half (55%) of the prescribing physicians were internal medicine specialists and 14% were neurologists. Other specialisations included 17 (2.7%) physicians who specialised in interventional pain therapy, 9 (1.4%) certified in acupuncture, and 7 (1.1%) with certificates in homeopathy. Most patients (1083, 91%) paid for treatment out of pocket (typically amounting to US$ 400-500 per month). Only 95 patients (7.8%) were reimbursed by Switzerland's compulsory basic health insurance, with a further 15 (1.3%) reimbursed by disability or accident insurance.
Patient characteristics
The majority of the 1193 patients were women (685 patients, 57%), the mean age was 57 years (standard deviation 15 years), and most patients had neurological (580 patients, 49%) or musculoskeletal (300, 25%) conditions, or one of 19 different cancer diagnoses (121 patients, 10%). The most common complaints and indications for THC therapy were chronic pain (49%) and spasticity (40%). The characteristics of patients are summarised in table 1. Diseases of the nervous system and spasticity were more common in men, and musculoskeletal conditions and chronic pain more common in women. The majority of patients (734, 62%) took no comedication. Among those who took at least one, the most frequently used medication was an analgesic (237 of 459 patients, 52%). Compared with patients with spasticity, those with pain (including neuropathic pain) were older (mean age 60 vs 53 years), more likely to suffer from musculoskeletal conditions or cancer, and less likely to be reimbursed by health insurance (supplementary table S1).
Diagnoses
Multiple sclerosis was the single most common diagnosis (257 patients, 22%). A list of the most common diagnoses within the ten diagnostic groups is provided in table 2. The diagnosis was unclear in 75 patients (6.3%). A complete list of all recorded diagnoses in patients granted exceptional licences is given in supplementary table S2. most extensions, but also received the highest proportion of extensions per diagnosed patient: 76 extensions for 257 patients (29.6%). As shown in table 3, 144 of 209 total extensions (69%) were granted for diseases of the nervous system, and 36 extensions (17%) were granted for diseases of the musculoskeletal system. In terms of symptoms, 75 extensions were granted to the 514 patients (14.6%) initially reporting chronic pain, while for patients reporting spasticity, 123 of 353 patients (34.8%) were granted extensions. Unfortunately, for the patients who did not apply for extensions and stopped treatment, no further information is available in the FOPH records regarding whether cannabinoid treatment cured their disease or alleviated their symptoms, and physicians' reports on treatment effectiveness were not required. One patient died during the treatment (death was not caused by cannabinoids).
Regional variation
The rates of patients treated with cannabinoids per 100 000 residents increased from 2013 to 2014 in all regions, but varied substantially across the seven regions. In 2014 the rate was 3.6 in the region along the Lake of Geneva, 5.0 in Central Switzerland, and between 7.1 and 8.2 in all other regions except for the Ticino, where the rate was much higher, 36.9 per 100 000 residents (supplementary fig. S2 ). This could be due to a small number of frequent prescribers in this region.
Discussion
The medical use of cannabinoids through exceptional licenses increased substantially in Switzerland during the 2-year study period and involved patients with 78 different conditions. Prescriptions for neurological and musculoskeletal conditions predominated, followed by cancer. More women sought treatment with cannabinoids than men. Regionally, the cannabinoid treatment rate varied but was considerably higher in Italian-speaking Ticino than the rest of Switzerland. Additional drugs taken by patients were mostly analgesics, muscle relaxants and anticonvul- [27] . Table 4 compares published surveys of medical uses of cannabinoids in different countries with the current study [28] [29] [30] [31] [32] . Age distributions of medical cannabis users differ internationally, but overall Swiss patients are generally older than users of cannabis for medical purposes in the US, Canada and Australia [30, 31] . In the international survey conducted in 31 countries by the International Association for Cannabinoid Medicines (IACM), the mean age of cannabinoid users was 40.7 years, with 44.9% in the 41-60 age group [28] . Medical cannabis use varies by gender as well, but unlike in Switzerland, male users predominate in the US, Canada, and Australia [30, 31] , and in the IACM study, 64% of patients were men [28] . Chronic pain figured in almost half of Swiss exceptional licences in 2013 and 2014, and worldwide the main symptom treated by medical cannabis is also pain. In addition to chronic pain, the IACM study reported treatment for anxiety (18.3%), loss of appetite (10.7%), depression (5.2%) and insomnia (5.1%) [28] . Like pain, spasticity also is a major symptom treated with cannabinoids in Switzerland, but it does not appear to be an important symptom in studies elsewhere. Of note, spasticity and chronic pain were the two indications best supported by the systematic review of the literature commissioned by the FOPH [20] . Medical cannabinoids may help lower the intake of opioid medication, as well as lower opioid overdose mortality, where the medical use of cannabis is legal [33] . A recent study found a drop in prescriptions of pharmaceuticals in several disease categories in US states that allow medical cannabinoids [34] . The numbers on concomitant drug intake in our study are low, which makes it difficult to draw conclusions. Further study is required to understand whether the use of cannabinoids leads to reductions in use of other medications. Even as the prescription of cannabinoids is growing, the situation of physicians in North America is not always straightforward. Physicians in Canada reported they were not comfortable prescribing cannabinoids [35] , and a study in the US concluded that ophthalmologists need more education about the medical use of cannabinoids to better respond to patient (mis)perceptions of the value of cannabis in glaucoma therapy [36] . The North American context differs from the Swiss, although in Switzerland, too, treatment with cannabinoids still needs clarification. In 2013, for example, Swissmedic approved Sativex ® , which contains 27 mg THC and 25 mg cannabidiol per ml [37] , for the treatment of medium and heavy spasticity caused by multiple sclerosis. The use of Sativex ® for other indications (off-label use), however, needs an exceptional license from the FOPH. At the same time, 257 patients received exceptional licenses for cannabinoid treatment of multiple sclerosis in 2013 to 2014, and many of them were granted extensions. Similarly, 353 patients were granted licences for treatment of spasticity for which 123 extensions, 58.9% of all extensions, were approved. Since exceptional licenses ought not to be issued to supplant another effective treatment, this raises questions about the perceived effectiveness of Sativex ® among both patients and physicians. This study of patient data in the FOPH cannabinoid licencing programme, the first of its kind in Switzerland, was limited at the outset by the fact that the data do not include information such as socioeconomic status, smoking, objective treatment outcomes or reasons to stop a treatment. Information in the licences on concomitant drugs, diagnosis, and patient history was sometimes poorly reported as well. The fact that some patients may treat themselves with cannabis obtained on the black market is another issue that may have influenced and distorted our results. These limitations highlight the need for new research on medical cannabis. A drug with long history of use, whether legal or otherwise, can accrue claims of efficacy that in time imbue it with promise that may border on that of a wonder drug. As exceptional licencing of medical cannabinoids continues to expand in Switzerland, and the recreational and medical use is legalised in an increasing number of states and countries, clear guidelines for safe and effective use must urgently be developed, based on basic research and clinical trials. It is indeed "high time for evidence-based policies" [38] . 
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